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We describe the relativistic interacting quark-diquark model formalism and its application to the
calculation of strange and nonstrange baryon spectra. The results are compared to the existing
experimental data. We also discuss the application of the model to the calculation of other baryon
observables, like baryon magnetic moments, open-flavor strong decays and baryon masses with self-
energy corrections.
I. INTRODUCTION
The diquark concept has been used in a large number of studies, ranging from one-gluon exchange to lattice QCD
calculations. For example, see Refs. [1–6].
Recently, an interacting quark-diquark model has been introduced by Santopinto in Ref. [5]. This is a nonrelativistic
potential model, where baryons are described as two-body quark-diquark bound states and the relative motion between
the quark and diquark constituents in terms of a relative coordinate ~r. The Hamiltonian contains a Coulomb-like plus
linear confining interaction and an exchange one, depending on the spins and isospins of the quark and the diquark. In
this article, we will discuss the main features of the interacting quark-diquark model, as relativistically reformulated
in Refs. [7–10] within the point form formalism [11].
Finally, we will summarize our results for the strange and nonstrange baryon spectra [5, 7–9] and baryon magnetic
moments in the quark-diquark model [9]. We will also briefly discuss the formalism to calculate other baryon observ-
ables in the quark-diquark model, including open-flavor strong decays and baryon masses with self-energy corrections.
II. AN INTERACTING QUARK-DIQUARK MODEL
In quark-diquark models, baryons are assumed to be composed of a constituent quark and a constituent diquark
[12–14]. Up to an energy of 2 GeV, the diquark can be described as two correlated quarks with no internal spatial
excitations [5, 7]. Then, its color-spin-flavor wave function must be antisymmetric. Moreover, as we consider only
light baryons, made up of u, d, s quarks, the internal group is restricted to SUsf(6). If we denote spin by its value,
flavor and color by the dimension of the representation, the quark has spin s2 =
1
2 , flavor F2 = 3, and color C2 = 3.
The diquark must transform as 3 under SUc(3), hadrons being color singlets. Then, one only has the symmetric
SUsf(6) representation 21sf(S), containing s1 = 0, F1 = 3 (the scalar diquark) and s1 = 1, F1 = 6 (the axial-vector
diquark) [3, 4].
A. Model Hamiltonian and calculation of the strange and nonstrange baryon spectra
The Hamiltonian of the model is [7]
M = E0 +
√
~q 2 +m21 +
√
~q 2 +m22 +Mdir(r) +Mex(r) . (1)
Here, E0 is a constant, Mdir(r) and Mex(r) are the direct and exchange quark-diquark interactions, respectively, m1
and m2 the diquark and quark masses. The direct term,
Mdir(r) = −τ
r
(
1− e−µr)+ βr , (2)
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2is the sum of a Coulomb-like interaction with a cut off plus a linear confinement term. The exchange interaction is
given by [5, 7],
Mex(r) = (−1)L+1 e−σr
[
AS ~s1 · ~s2 +AI ~t1 · ~t2 +ASI ~s1 · ~s2 ~t1 · ~t2
]
, (3)
where ~s and ~t are the spin and isospin operators. To calculate the strange baryon spectrum, Eq. (3) has to be
generalized in the form of a Gu¨rsey-Radicati interaction [8, 15],
Mex(r) = (−1)L+1 e−σr
[
AS ~s1 · ~s2 +AF ~λf1 · ~λf2 +AI ~t1 · ~t2
]
, (4)
where ~λf are SUf(3) Gell-Mann matrices. In the nonstrange sector, we also have a contact interaction [5, 7],
Mcont(r) =
(
m1m2
E1E2
)1/2+
η3D
pi3/2
e−η
2r2 δL,0δs1,1
(
m1m2
E1E2
)1/2+
, (5)
introduced to reproduce the ∆ − N mass splitting. In Eqs. (2-5), τ , µ, β, AS, AI, ASI, AF, η and D are free
parameters, fitted to the reproduction of the experimental masses [16]. Our results, extracted from Refs. [7, 8], are
shown in Figs. 1-4. These results can be compared to those of three quark models [17–21] and other quark-diquark
model calculations [5, 22–24].
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FIG. 1: Comparison between the calculated
masses [7] (black lines) of the 3∗ and 4∗ N and ∆
resonances (up to 2 GeV) and the experimental
masses from PDG [16] (blue boxes). APS copy-
right.
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FIG. 2: As Fig. 1, but for Λ and Λ∗ resonances. Fig-
ure taken from Ref. [8]; APS copyright.
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FIG. 3: As Fig. 1, but for Σ and Σ∗ resonances.
Figure taken from Ref. [8]; APS copyright.
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FIG. 4: As Fig. 1, but for Ξ, Ξ∗ and Ω resonances.
Figure taken from Ref. [8]; APS copyright.
B. Nonstrange baryon spectrum with a spin-isospin transition interaction
In Ref. [9], we improved the ”relativized” model of Ref. [7] by introducing a spin-isospin transition interaction,
which induces a mixing between scalar and axial-vector diquark states. We computed the nonstrange baryon spectrum
3within point form dynamics and used the resulting wave functions to calculate the magnetic moments of the proton
and neutron (see Sec. III A).
The spin-isospin transition interaction, Mtr(r), was chosen as
Mtr(r) = V0 e
− 12ν2r2(~s2 · ~S)(~t2 · ~T ) , (6)
where V0 and ν are free parameters and the matrix elements of the spin transition operator, ~S, are defined as
〈 s′1,m′s1 |S[1]µ |s1,ms1〉 6= 0 for s′1 6= s1 , (7)
with 〈1‖S1 ‖0〉 = 1 and 〈0‖S1 ‖1〉 = −1. The matrix elements of the isospin transition operator, ~T , are defined
analogously.
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FIG. 5: Comparison between the calculated masses (black lines) of the 3∗ and 4∗ nonstrange baryon resonances (up to 2 GeV)
and the experimental masses from PDG [16] (boxes). Figure taken from Ref. [9]; Societa` Italiana di Fisica/Springer-Verlag
copyright.
The spin-isospin transition interaction of Eq. (6) mixes quark-scalar diquark and quark-axial-vector diquark states,
i.e. states with s1 = 0 (t1 = 0) and s1 = 1 (t1 = 1), whose total spin (isospin) is S =
1
2 (T =
1
2 ). Thus, in this version
of the model the nucleon state, as well as states such as the D13(1520), the S11(1535) and the P11(1440), contain both
a s1 = 0 and a s1 = 1 component.
The introduction of the interaction of Eq. (6) determines an improvement in the overall quality of the reproduction
of the experimental data (considering only 3∗ and 4∗ resonances) [9], with respect to that obtained with the previous
version of this model [7]. In particular, the Roper resonance, N(1440) P11, is far better reproduced than before and
the same holds for N(1680) F15. See Fig. 5.
III. BARYON OBSERVABLES IN THE INTERACTING QUARK-DIQUARK MODEL
Below, we discuss the formalism to calculate other baryon observables in the interacting quark-diquark model of
Ref. [9]. We stress the importance of having a model in which N∗’s wave functions contain both a q–scalar diquark
and a q–axial-vector diquark component, which play a role analogous to that of ρ- and λ-type components in the
nucleon wave function. We think that the presence of both components is necessary to obtain a good reproduction of
baryon observables in a quark-diquark model, including e.g. baryon magnetic moments and open-flavor strong decays.
A. Baryon magnetic moments
The electromagnetic response of the two-state diquark is in principle unknown.
As a starting point, for the magnetic dipole operator ~µ we consider a non-relativistic expression [9]
~µ =
f
m
(e1~s1 + e2~s2) +
fq
mq
eq~sq . (8)
In order to use the permutational symmetry of the quarks 1 and 2 of the diquark, we re-write Eq. (8) as [9]:
~µ =
f
2m
eD~sD +
f
2m
∆eD∆~sD +
fq
mq
eq~sq , (9)
4where eD = e1 + e2 is the charge operator of the diquark in the isospin space, ~sD = ~s1 + ~s2 represents its spin,
∆eD = e1 − e2 is the difference between the charges of quarks 1 and 2 and ∆~sD = ~s1 − ~s2 is the difference between
the spin operators of the two quarks. Eq. (9) can be re-written as [9]
~µ =
fAV
mAV
eD~sD +
f∆
〈m〉 ∆eD∆~sD +
fq
mq
eq~sq , (10)
representing the effective magnetic dipole operator of our model. Note that the second term gives the S − AV
transitions. The mean values of the effective dipole operator can be easily calculated, so that the numerical values
of free parameters (fAV and f∆) can be fitted to reproduce the proton and neutron magnetic moments, that are
µp = 2.793 n.m.u. and µn = −1.913 n.m.u. [16]. Because the number of free parameters is larger than that of
the experimental informations, we take fq = 1; the resulting values for the other parameters are fAV = 0.0462 and
f∆ = 0.146 [9].
A more detailed study of the electromagnetic current will be carried out in a subsequent paper, with the aim of
calculating the nucleon electromagnetic form factors and the helicity amplitudes of baryon resonances [25].
B. Open-flavor strong decays and missing resonances
As discussed in Refs. [5, 7, 22], the baryon spectra of quark-diquark and three quark models are quite distinct,
the main differences being in the amount and energy of theoretically predicted states. When theoretical results and
experimental observations are compared, it is clear that three quark models predict an eccessive number of states.
This is the problem of missing resonances which can be, at least partially, solved in quark-diquark models in terms
of a smaller number of effective degrees of freedom [5, 7, 22]. Nevertheless, experimental informations on a hadron
are not only limited to its mass, but also include (open- and hidden-flavor) strong decay widths, weak and e.m.
radiative transitions, and so on. Thus, we think it is also worthwhile to compare three quark and quark-diquark
model predictions for some of these observables.
Here, we discuss the formalism to compute the open-flavor strong decays of nonstrange baryons in the well-known
3P0 pair-creation model [26–28]. In the
3P0 model, a hadron decay takes place in its rest frame and proceeds via the
creation of an additional qq¯ pair (q1 and q2) with vacuum quantum numbers, i.e. J
PC = 0++. The decay amplitude
A(qD)→ B(Dq1)C(qq2) can be expressed as [26–28]
ΓA→BC = ΦA→BC(q0)
∑
`
∣∣〈BCq0 `J |T † |A〉∣∣2 , (11)
where MA→BC(q0) = 〈BCq0 `J |T † |A〉 is the so-called 3P0 amplitude, ΦA→BC(q0) the phase space factor for the
decay, q0 and ` the relative momentum and orbital angular momentum of the BC pair. See Fig. 6. We write the
phase space factor in the usual relativistic form, ΦA→BC(q0) = 2piq0
Eb(q0)Ec(q0)
Ma
, where Ei(q0) =
√
q20 +M
2
i (i =
B,C).
The transition operator of the 3P0 model is given by [26–28]:
T † = −3γ0
∫
d~pq1 d~pq2 δ(~pq1 + ~pq2)C12 F12 Ψd(~pq1 , ~pq2) [χ12 × Y1(~pq1 − ~pq2)](0)0
× b†1(~pq1) d†2(~pq2) .
(12)
Here, γ0 is the pair-creation strength, b
†
1(~pq1) and d
†
2(~pq2) the creation operators for a quark and an antiquark
with momenta ~pq1 and ~pq2 , respectively, Ψd(~pq1 , ~pq2) the pair-creation vertex or quark form factor. The qq¯ pair is
characterized by a color singlet wave function C12, a flavor singlet wave function F12, a spin triplet wave function χ12
with spin S = 1 and a solid spherical harmonic Y1(~pq1 − ~pq2), since the quark and antiquark are in a relative P wave.
C. Baryon spectrum with self-energy corrections in the quark-diquark model
The formalism described in the previous section can also be used to compute the baryon→ baryon + meson vertices
relevant to the calculation of baryon self-energies. For a calculation of octet and decuplet baryon self-energies within
a three quark model, see Ref. [29].
We consider the Hamiltonian
H = H0 + V , (13)
5D
D
q
q
q 1
q 2
FIG. 6: The 3P0 pair-creation model of hadron vertices is here used within a quark-diquark picture for baryons. D and q are,
respectively, the spectator diquark and quark; q1q2 is the created qq¯ pair, with
3P0 quantum numbers. Springer-Verlag Wien
copyright.
where H0 is the ”unperturbed” part, describing the interaction between constituent (valence) quarks [see Eq. (1)],
and V the interaction which can couple a baryon state to the baryon-meson continuum. The physical mass of a
baryon, Ma, can be written as
Ma = Ea + Σ(Ea) , (14)
where Ea is the bare mass, obtained by solving the eigenvalue problem of H0, and
Σ(Ea) =
∑
BC
∫ ∞
0
q2dq
|Va,bc(q)|2
Ea − Ebc (15)
the self-energy correction. In Eq. (15), one has to sum over a complete set of baryon-meson intermediate states, |BC〉.
These channels, with relative momentum q between B and C, have quantum numbers Jbc and ` coupled to the total
angular momentum of the initial state |A〉. Va,bc stands for the coupling between the intermediate state |BC〉 and
the unperturbed wave function of the baryon A. Several choices for V are possible, including the 3P0 pair-creation
model operator T † of Eq. (12), which is ours.
In the following section, we provide an example of a 3P0 model vertex calculation (∆→ ∆pi) in the quark-diquark
model. This particular vertex provides the largest contribution to the ∆ self-energy [29].
D. ∆→ ∆pi vertex
As an example, we briefly discuss the calculation of the ∆ → ∆pi vertex. The matrix elements can be calculated
according to Refs. [9, 28, 30, 31], with a few differences. In the special case of Lb = Lc = 0, the transition amplitude
can be written as [28, Sec. 6]
MA→BC = 13 (6γ0) (−1)La+Sa+Ja SˆaSˆbSˆcSˆbc ˆ`
 SD Sq1 SbSq Sq2 ScSa 1 Sbc

{
Sa La Ja
` Sbc 1
}
× FA→BC A→BC(q0) ,
(16)
where FA→BC and A→BC(q0) are the flavor and spatial matrix elements, respectively, ~Sbc = ~Sb + ~Sc the spin of
the BC pair, SD and Sq the spin of the spectator diquark and quark, Sq1 and Sq2 the spins of the
3P0 quark and
antiquark. We also use the notation ˆ`=
√
2`+ 1. In the ∆++ → ∆++pi0 case, Eq. (16) reduces to
M∆++→∆++pi0 = − γ03√5 F∆++→∆++pi0 ∆++→∆++pi0(q0) , (17)
The flavor matrix element can be written as [30]
FA→BC = 〈BC|AΦ0〉 , (18)
where |Φ0〉 = 1√3 (|uu¯〉+ |ss¯〉+ |ss¯〉) is the SU(3) flavor singlet, |A〉, |B〉 and |C〉 the flavor wave functions of the
corresponding hadrons [3, 4]. In the ∆++ → ∆++pi0 case, Eq. (18) can be written as
F∆++→∆++pi0 =
〈
∆++pi0|∆++Φ0
〉
= 1√
6
[〈{u, u}u| ⊗ (〈uu¯| − 〈dd¯∣∣)][|{u, u}u〉 ⊗ (|uu¯〉+ ∣∣dd¯〉+ |ss¯〉)] = 1√
6
,
(19)
6where
∣∣pi0〉 = 1√
2
(|uu¯〉 − ∣∣dd¯〉), |∆++〉 = |{u, u}u〉, and the notation {q, q} stands for an axial-vector diquark [3, 4].
The spatial matrix element are the same as those for meson → meson + meson transitions [28, 30]. We use the
coordinate system ~qb =
1
Mb
(mD~pq1 −mq1~pD), ~qc = 1Mc (mq2~pq −mq~pq2), ~Pcm = ~Pb + ~Pc, ~q = McMbc ~Pb − MbMbc ~Pc, where
~Pb = ~pD + ~pq1 ,
~Pc = ~pq + ~pq2 , Mb = mD + mq1 , and Mc = mq + mq2 . The spatial matrix elements can be written
explicitly as
A→BC(~pq, ~pD, ~pq1 , ~pq2) =
∫
d~pqd~pDd~pq1d~pq2 Y1(~pq1 − ~pq2)δ(~pq1 + ~pq2)Ψ∗b(~pD, ~pq1)× Ψ∗c(~pq, ~pq2)Ψd(~pq1 , ~pq2)Ψa(~pq, ~pD) , (20)
where Ψa(~pq, ~pD) = Ψ
ho
a
(
1
Ma
(mD~pq −mq~pD)
)
δ(~Pa − ~pq − ~pD), Ψb(~pD, ~pq1) = Ψhob (~qb) δ(~Pb − ~pD − ~pq1) and
Ψc(~pq, ~pq2) = Ψ
ho
c (~qc) δ(~Pc − ~pq − ~pq2) are single harmonic oscillator (ho) wave functions with ho parameters
αa = αb = 3.14 GeV
−1 [9] and αc = 2.00 GeV−1 [32]; Ψd(~pq1 , ~pq2) = exp
[
−α2d6 (~pq1 − ~pq2)2
]
is a Gaussian quark form
factor, with αd = 1.70 GeV
−1 [30]. In the case of ground-state hadrons, namely with no radial and orbital excitations,
Eq. (20) reduces to
∆++→∆++pi0(q0) = −NaN ∗bN ∗c x+18G3 q0e−F
2q20 , (21)
where
x = −
mD
Mb
α2b +
mq
Mc
α2c +
4
3α
2
d
α2a + α
2
b + α
2
c +
4
3α
2
d
, (22)
G2 =
1
2
(
α2a + α
2
b + α
2
c +
4
3
α2d
)
, (23)
F 2 =
1
2
[
α2ax
2 + α2b
(
x+
mD
Mb
)2
+ α2c
(
x+
mq
Mc
)2
+
4
3
α2d(x+ 1)
2
]
, (24)
and Ni = 2pi−1/4α3/2i (i = a, b, c).
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